of them was L. F. Broadway who became Director of Research for E.M.I., another became eminent as Sir Gordon Cox, F.R.S., Secretary of the Agricultural Research Council, a close friend of Peter's for many years. The small sixth forms had other advantages, not least the close contacts with members of the staff and the sense of maturity and responsibility arising from the relationship. Sheppard writes of 'much maturing discussion on literature and life with Latin master (Matthews) and French master (Holden)' and one feels that on entering the university he was already awake intellectually and aesthetically; his sym pathy with the avant-garde stayed with him always. But the wider interests which he already had as a young man and which were so much part of his character were no distraction from his physics which he took very seriously. Professor A. M. Tyndall, F.R.S., and Professor J. E. Lennard Jones, F. R.S., were, he writes, 'very good teachers'. It was the latter's course in theoretical physics which gave 'confidence in handling mathematics' while Professor Tyndall (with G. C. Grindley) was his guide in experimental work, Sheppard's strong suit. He became president of the students' Physical Society and graduated in 1927 with first class honours.
T h e p r e -w a r y e a r s It was two years after graduating, years spent as Student Demonstrator researching on the loading of gaseous ions by polar molecules, that Sheppard got started on his career: in 1929 he accepted a post at Kew Observatory. The appointment was within the Meteorological Office at a time when graduate recruits were few in number and those few for the most part destined to become synoptic meteorologists and weather forecasters to meet the expanding needs of aviation, work which in those days was mostly a matter of empirical skills attained by experience. It is then significant that Sheppard was a rather rare exception who from the beginning was able to apply his knowledge of physics and his laboratory dexterity to the observational problems of Kew Observatory, in particular to studies of atmospheric electrical balance in fine and disturbed weather. In only a short time he found himself preparing for a programme of observations on the same subject in the essentially unpolluted air of the Canadian Arctic, as a member of a small expedition being organized in Britain for the forthcoming International Polar Year. During 1932-33 he was away at Fort Rae on this expedition led by J. M. Stagg (later Director of Services in the Meteoro logical Office). It was an experience not without its strains in human relations, particularly as the leader, conscientious to a fault, could be a difficult companion, but Sheppard's scientific work gave him a good measure of satisfaction and in later life he was always ready to recall the contribution to atmospheric electricity he made at that time. On arriving back in England to continue his work with the Meteorological Office he was again fortunate, first in a marriage which was to be a sound partnership for life, second in being chosen to join the only research group within the ambit of the Office at that time. This had been set up in 1921 within the Chemical Warfare Experimental Station, a War Office establishment at Porton created to study the problems which had stemmed from the use of poisonous gases in World War I. The associated meteorological group was the result of an initiative by D. Brunt then a Superintendent in the Meteorological Office and later Sir David Brunt, Secretary of the Royal Society 1948-57, and Professor of Meteorology at the Imperial College. As chairman of the Meteoro logical subcommittee of the Chemical Warfare Committee for more than 20 years Brunt was influential and was able to secure the services over the years of some remarkably able scientists including N. K. Johnson later Sir Nelson, Director of the Meteorological Office, O. G. Sutton, F.R.S., later Sir Graham and successor to Johnson as Director, and several other future F. R.S.'s. To join that group in 1933 with O. G. Sutton as leader was a rare opportunity and Sheppard made the most of it. Sutton was essentially a mathematician and Sheppard with his approach as a physicist combined with real experimental skill was soon a respected member of the team. An account of his contribution to the research of that famous group is given later in this memoir; here we note only that he stayed with them for six years and it was no surprise that in 1939 when Brunt was looking for someone to join his department as Reader at the Imperial College, Sheppard was appointed. Brunt like Sutton was a theoretician who needed the support of an experimentalist but the planned development of the department had to await the end of World War II.
T h e w a r y e a r s Brunt and Sheppard were quickly engaged on the outbreak of war in an intensive programme of training recruits for the Meteorological Office and for military services controlled by that Office, but it was clear that many hundreds of staff of all grades were likely to be required and an elaborate training organiza tion became necessary. Sheppard was then seconded back to the Meteorological Office and spent most of the period at Dunstable, Bedfordshire, the centre of meteorological communications and forecasting for most of the war and for many years afterwards. Curiously enough, placed as he was at the centre of the meteorological service he seemed to show almost no interest in the problems of forecasting, an attitude which was something of a puzzle to those who knew him. Thus, C. H. B. Priestley (later F. R.S.) , who was a contemporary of Sheppard's in those war-time Dunstable days, remarks that he 'hardly ever came into the forecast room' and there is no doubt that his shyness of forecasting arose from an innate antipathy for the qualitative arguments and empirical methods em ployed. The forecaster's exercise of scientific judgement, supremely important though it was for military operations, gave virtually no scope for Sheppard's skills or theoretical insight. He would say in his provocative way that weather forecasting was not 'scientifically respectable'; he always conceived it as his duty to present meteorology as 'atmospheric physics', and as rigorously as he was able. It is only fair to add that C. H. B. Priestley went on to write: 'From that time onwards my image of Peter was that of the most erudite and critical of meteorologists. . . there was always something to be learnt from his judgement and wisdom.' He was soon to find scope for his skills in the technicalities of radiosondes and radar and in the organization for Europe and the Northwest Atlantic of an expanding network of upper air observing stations including aircraft reconnaissance for which he assumed responsibility. Another of his duties was in connection with the smoke screening of vital targets as a protection from air attack and after European hostilities ended, in 1945, he undertook a special assignment in surveying on behalf of the British authorities the work of certain German scientific institutions. Accompanied by K. L. Calder, then in charge of the meteorological work at Porton, he made official visits of inspection to the Kaiser Wilhelm Institute for Aerodynamical Research, to appraise the wind-tunnel modelling of atmospheric dispersion, and to the Marine Observa tory at Greifswald where experiments on naval smoke screens had been made.
T h e I m p e r ia l C o l l e g e It was late in 1945 that Sheppard was able to take up his university work once more, to pick up the threads of his personal research and to support Brunt in the teaching and administration of the department. After 1948, when Brunt became Secretary of the Royal Society, Sheppard assumed more and more of the duties and in the expected course of events he succeeded as professor when Brunt retired in 1952. If at the time he seemed something of a lightweight compared with the distinguished Sir David Brunt, F.R.S., he was soon to show his competence and the department continued to flourish. He remained in that post until his retirement in 1974 and as it was the centre of his life's work a brief account of the department is helpful here. It had been established as an effective research and teaching unit on a permanent basis only in 1934 when Brunt was appointed first full-time professor. Before that time Sir Gilbert Walker, F.R.S., and earlier Sir Napier Shaw, F.R.S., had held the chair at the Imperial College, but these were special appointments accommodating those distinguished men retired from the public service: Brunt's arrival in 1934 was a new beginning. It was the only department of meteorology in our universities, indeed the only one in the whole of the British Empire, but it was not thought appropriate to offer a first degree course and from the beginning research work and postgraduate teaching with a small number of students, the majority from overseas, were the objective. But Brunt was soon looking to expansion and Sheppard's appoint ment as Reader in 1939 gave the department a new look although, as we have seen, little was accomplished until after the war. One of the first postwar students was Henry Charnock now (1978) Professor Charnock, F.R.S., who comments on Sheppard at that time: 'He took meteorology to be a serious and difficult branch of science to be studied in as analytic and rigorous a way as possible. The rather brusque manner in which he communicated his opinion was also typical.' He also comments that 'the course had very little formal teaching and a complete lack of practical training'. These weaknesses were, however, largely corrected after Brunt, taking advantage of the optimism of the post-war years, had obtained laboratories and a workshop and had made some further imagina tive appointments. Some of these were from postgraduate students in the department: E. T. Eady who died young but not before securing a permanent place in the history of the subject with some strikingly original contributions to meteorological fluid mechanics; F. H. Ludlum whose novel analyses of clouds and weather systems gained him the personal title of professor; somewhat later R. P all-round eminence and reputation as the author of the best textbook of the times, there was a richness of talent and a liveliness of interests which it would not be easy to parallel in any small university department. Sheppard who had much to do with the appointments even before he became professor in 1952 may now be quoted: 'I encouraged my staff to develop research interests over the broad main front of meteorology in spite of incurring a danger of spreading effort too widely. In fact we established world recognition in a very few years in dynamic meteorology and climatology, boundary layer meteorology, cloud physics and atmospheric radiation. I am proud that nine chairs were filled (in physics, mathematics, and physical oceanography as well as meteorology) from members of the staff while I was head of the department.' Naturally there were other students who became dis tinguished and these were later to be found in many countries. In its time and especially over the years 1950-65 the meteorology at the Imperial College had a world prestige and influence quite remarkable against the background of rapid expansion in effort and advances in knowledge being made elsewhere, especially in America and Russia. They were in a sense the heroic years of meteorology and Sheppard's department played no humble role. It is then all the more uncongenial to recognize that it proved ill adapted to meet the more stringent conditions of university life in the '70s. Most of the staff of the earlier years had found or were finding posts elsewhere and the absence of a degree course in the subject made it difficult to show teaching performance to balance staff numbers in the new climate of 'staff-student ratios' and the like. The chair in meteorology was allowed to lapse on Sheppard's retirement and the department became an 'atmospheric physics group' in the Department of Physics. Opinions have been ventilated on the degree to which Sheppard's policies contributed to the decline of the department which he had done so much to create and it is probably quite fair to say that in spite of the many personal research successes there was a lack of that coherence and leadership in both research and teaching which would have been needed to adapt a university postgraduate department to the changing circumstances.
One factor which certainly distracted Sheppard from the affairs of his depart ment was the heavy demand made upon him by numerous committees, a demand which as the only professor of meteorology in the country he could hardly resist. So we find him from 1949 a member of the Meteorological Research Committee (the official committee which advises on the research work of the Meteorological Office) and its Chairman from 1958 to 1968, a post he filled with great conscientiousness: he never learnt how to neglect his homework and freewheel through his committee meetings. 4 he appointment carried also a seat on the Meteorological Committee, then chaired by Lord Hurcomb, which advises the Minister on general Meteorological Office policy. Sheppard s C.B.E. of 1963 was a recognition of his public services. In addition he had assisted D.S.I. R. from 1954 to 1956 R.O. Council 1965 -71, as Vice-chairman 1966 , on the Bureau 1966-71 and as member of the Scientific and Technical Committee. These were demanding duties requiring much travel to the continent and important as they were it is not surprising that meteorologists were not wholly in sympathy. A view expressed here in Professor Charnock's words was shared by many; 'To me it was regrettable that he spent so much time on Committees of Space Research for I think he could have done more to help meteorology and oceanography at less rarified levels. But his services were much appreciated by the Science Research Council and the European Space Research Organization.' Again we may quote Sir John Mason, Director-General of the Meteorological Office: 'The workload and travelling put a heavy strain on his energies and took him away a great deal from his department . . ..' The uneasiness was general and perhaps he came to share it himself for it was in these vital years that Sheppard's chest began seriously to trouble him and during his last few working years as professor (he retired in 1974) he was carrying on with evident and increasing difficulties.
The foregoing is by no means a complete list of Sheppard's activities, as for many years there was hardly an important appointment made or a policy decision taken relating to meteorology without Sheppard being concerned as committee man, consultant, referee or less formally. He served on the Council of the Royal Society from 1970 to 1972 and the Royal Meteorological Society was always very loyally supported. He was Secretary and edited its Quarterly Journal from 1950 , President 1957 , and still a member of the Editing Committee carrying a load of refereeing duties at the time of his death. That Society honoured him with its senior award, the Symons Gold Medal, in 1963 and with honorary membership in 1977. He will be remembered in many countries as an influential delegate to several meetings under the auspices of the World Meteorological Organization and as a contributor also to assemblies and committees of the International Association of Meteorology and Atmospheric Physics of the International Union of Geodesy and Geophysics. In much demand also for lecturing and advisory work in other countries, his many visits included those to Australia, India and Egypt, Western European countries, the U.S.S. R. (he became honorary D. Sc. of Leningrad University in 1969) , and of course America, both Canada and the U.S.A. in which countries he was held in high esteem and made several good friends. He must have crossed the Atlantic a score of times and for the year 1963 was Visiting Professor at the University of California, Los Angeles. After his death there was a particularly gratifying occasion on the Island of Anegada where in 1953 Sheppard had been leader of a scientific expedition (the work is referred to in a later paragraph of this memoir). There had been collaboration on the expedition with a U.S. team from Woods Hole Oceanographic Institute and in 1978 on its 25th anniversary a memorial stone was placed in the church engraved 'Professor P. A. Sheppard 1907 A. Sheppard -1977 Arrangements were also made for books to be deposited and inscribed 'to the Anegada community library in memory of Professor Sheppard, donated by the US-UK 1953 Weather Expedition'. The initiative for this memorial was mainly American and the information above is taken from an article in the Bulletin of the American Meteorological Society by Professor Joanne Simpson, one of the original collaborators.
Sheppard was an able lecturer presenting well prepared material with memorable clarity and was ready if necessary to tackle almost any branch of meteorology (except weather forecasting!). One of the authors of this memoir had the experience of hearing him lecture in Rome to a mainly Italian audience and choosing to do so in French, a language he understood well but which only his great courage allowed him to employ on the platform. Perhaps as a succinct appraisal of Sheppard the professor there is nothing better than another quota tion from Sir John Mason: 'He played a very important role, not so much by his leadership in research but as the most widely read and informed meteorologist of his day, whose penetrating criticism, scholarly review articles and lucid lectures were of great value and influence.' But, as we shall now see, his own original research was very considerable.
R e s e a r c h w o r k
The British Polar Year , 1932-33 The Polar Year was an international effort organized by the International Polar Year Commission and the British Expedition to Fort Rae, Northwest Canada, was organized by a National Committee with Sir George Simpson, F.R.S., then Director of the Meteorological Office, as secretary. The six-strong team which left for Canada in May 1932 had on it four members of the staff of that Office including the leader, J. M. Stagg, and Sheppard who was one of four 'specialist scientific officers' responsible for a substantial programme of observa tions in terrestrial magnetism and meteorology, including atmospheric electricity, for which Sheppard had a special responsibility. Suitable instruments were already in use at Kew Observatory where Sheppard had recently taken up his first appointment but some modifications were necessary for the expedition which was to make observations on potential gradient, air-earth current, con ductivity, small ion content, rate of production of ionization and numbers of condensation nuclei.
The account which the leader gives in the Royal Society's publication of the work makes engrossing reading for anyone interested in the trials and tribulations of scientific expeditions in difficult terrain and climate. Apart from the inevitable human and domestic problems, there were all sorts of technical challenges, some unexpected, such as the disturbing 'static' produced even by the slow motion of the recording paper of the Benndorf electrograph in the extremely dry con ditions, and the stray thermo-e.m.f.s produced by strong temperature gradients in an instrument hut that had to be heated, to mention two of the difficulties resolved by Sheppard.
The programme of observations was carried out, according to plan, for a whole year commencing 1 August 1932. The atmospheric electrical data collected by Sheppard were found, in 'quiet' weather conditions, to display an overall consistent pattern of diurnal and annual variations which were argued plausibly to be essentially a consequence of two basic features-first that the rate of production of atmospheric ions is at a maximum near the ground, second that the upward diffusion of the ions must depend on the atmospheric turbu lence and hence on the strength of the wind, which itself possessed characteristic diurnal and annual variations. Also there were some striking variations of potential gradient associated with drifting snow, which appeared to be a con sequence of the increase in depth of the drift layer with increase in wind speed. It is interesting that in this excursion into atmospheric electrical work Sheppard found himself already concerned with those problems of boundary layer transport that were to be the major preoccupation of his later research.
Wind-profile work at Porton
In the early 1930s the main research thrust of the meteorology group at the Chemical Defence Establishment, Porton, was directed toward testing and improving the new theory of atmospheric diffusion put forward by O. G. Sutton. A central feature of this theory was the increase of wind speed with height above ground, the precise form of which reflected the widely varying rate of turbulent exchange in the lowest air layers. When Sheppard joined the group (in 1933) studies of the wind profile by A. C. Best had already revealed some puzzling discrepancies in the character of the wind profile at different positions on the Porton ranges, which were well exposed and expected to be essentially uniform as regards the properties of the airflow. These discrepancies stood to be clarified and interpreted in the context of Sutton's diffusion theory and its practical application in the 'concentration-range' tables prepared for the assessment of the effect of poison gas attacks.
Sheppard's contributions over the next few years were to fall mainly in three areas: first the elucidation of the wind-profile anomalies, secondly the develop ment of a greatly improved anemometer with which the necessary wind gradient measurements could be made in a simpler and more reliable fashion both in the on-going research and in the operational applications that were envisaged for the future, and thirdly the intensive theoretical debate that ensued with the object of improving the application and extending the basis of Sutton's theory.
It is relevant to note that some 20 years had yet to elapse before the emergence of the now universally adopted Monin-Obukhov theory of the wind profile and related properties. The logarithmic form of wind profile
In 2 ), though known even at this early stage to be the most accurate representation in neutral con ditions of flow, was largely neglected in the Porton work at that time, in favour of the obviously less accurate power-law form ( oc 2a), for mathematical con venience and because Sutton's theory necessarily led to such a form. From the field studies which Sheppard then undertook it ultimately became clear that over the Porton ranges there was an important effect on the power-law index a arising from variations in the surface roughness, even from a mere difference in the length of grass.
Sheppard's wind profile results were a crucial input to the continuing theoretical debate. By 1937 the theoretical work had been taken over by Sutton's young colleague K. L. Calder, and over a considerable period Sheppard was involved in regular discussions with Calder, providing special physical insights and field experience in support of the mathematical attack. One of us (F. P.), joining the Porton group at this stage, was witness to many of these searching discussions, sometimes it may be said a rather mystified witness in view of the complexities and subtleties under examination. Clarification steadily emerged, obviously due in no small measure to Sheppard's critical appreciation of the physics of the airflow, and the theoretical position was finally set on record after World War II in papers by Calder and Sutton. The essential point is that Sutton's original treatment of vertical transfer predicted remarkably accurate results for an aerodynamically smooth surface (notably, for example, in respect of the rate of evaporation from a smooth wet surface). For flow over such a surface Sutton's theory had led correctly to an eddy diffusivity profile determined uniquely by the flow speed and the kinematic viscosity, but most atmospheric flows are aerodynamically r o u g h , in which case the kinematic viscosity is and the eddy diffusivity is determined (in neutral stratification) by the wind speed and the now-familiar roughness parameter z Q . Variations of this parameter had of course been at the root of the wind profile 'anomalies' on the Porton ranges.
Noting that over a 2 : 1 change in height the increase in mean wind speed may be as little as a few parts per cent, it is clear that an adequate specification of the precise form of the wind profile near the ground requires very sensitive anemometers with accurately reproducible calibrations. In Sheppard's early wind profile studies the most suitable instruments available were the vane airmeters commonly used for measurements of low speed flow in ducts and channels. Though adequately sensitive for the natural wind profile measure ments these airmeters are somewhat fragile, consisting of a rotor of light alu minium vanes mounted within a cylindrical housing, and need to be handled very carefully as distortion of the vane settings is liable to alter the calibration.
Also the instruments are designed to be used with the rotor axis aligned accurately in the flow direction (within say 10° if the 'yaw' error was to be kept below 1%). In a natural wind, with the direction varying, sometimes over several tens of degrees, this meant that the airmeters had to be mounted on control vanes which held them appropriately pointed into wind, so adding to the cumbersomeness of the field equipment and procedure. The significant results obtained in the the face of these complications were a tribute to the painstaking calibration procedures and skilful handling of delicate field equip ment in which Sheppard was a past master.
In view of the foregoing drawbacks of vane airmeters, added to which was their unsuitability in strong winds because of the excessive rotor speeds, there was need for an improved form of wind profile equipment, and to this end Sheppard devoted time and effort to the design and testing of a new form of cup anemometer. This type of anemometer could be expected to have the required robustness to withstand field handling and strong winds and with the cup rotor plane in the horizontal there was no dependence on wind direction and the instrument could accordingly be mounted on a rigid support, instead of on a swinging vane. Cup anemometers did of course already exist, though with quite inadequate sensitivity and response, and the required improvements were achieved only after careful wind tunnel tests to establish the most suitable design as regards cup shape and size, length of cup arm and type of bearings. In the new design the cups were very light, being spun from thin aluminium sheet, and a conical shape was adopted because, in contrast to the conventional hemispherical shape, this gave a closely linear relation between cup speed and wind speed.
The Sheppard anemometer proved to have all the expected advantages over the old vane airmeter system, and although the revolution counter system has since been redesigned and developed in various ways, the basic design has otherwise been retained. Produced commercially, this elegant and reliable portable anemometer has for several decades been an essential component of atmospheric boundary layer studies, and with it countless research workers in that special area of meteorological measurements have had the satisfaction of obtaining useful and significant wind profile data. It is also noteworthy that the semi-conical shape of cup was found to give a more faithful response than the hitherto conventional hemispherical form to rapid fluctuations such as occur in a natural wind, and as a consequence the inevitable over-estimation of the mean speed, which could be serious in the hemispherical form, was negligible for most purposes. This feature was established in work which Sheppard carried out in the early 1940s jointly with F. J. Scrase of the Meteorological Office, and led ultimately to a decision to adopt conical cups as standard for Meteorological Office cup anemometers.
Turbulence and shearing stress near the surface
Even during his early years at Porton, when much of his time was taken up by ad hoc field studies of the wind profile and by various operational demands such as the assessment of the efficacy of smoke screens in relation to meteoro logical conditions, Sheppard's thoughts were turning to more basic observa tional studies, going on from the turbulence investigations of former members of the Porton team, F. J. Scrase and A. C. Best. In 1936, still with the Sutton theory in mind, he made an isolated attempt at measurement of the auto correlation coefficient R(t) of the fluctuating magnitude of the horizontal wind speed, as a function of time lag t, using a hot wire anemometer in conjunction with a cathode ray oscilloscope, in those days an advanced and sophisticated procedure. That the measurements were sound is clear from the consistency of the results with those obtained much later in much more extensive studies, but there were deep complications in the interpretation then in mind, especially in that the correlation coefficient occurring in Sutton's theory refers to a moving particle and not to the fluctuations occurring at a fixed point.
Three years later, just before leaving the Porton team to take up his appoint ment at Imperial College, Sheppard made the first attempt to measure directly the aerodynamic drag exerted by the natural wind on the Earth's surface. He used an elegantly designed drag plate system in which a circular plate was floated in a shallow bath of oil contained in a large flattish surround shaped so that the oncoming boundary layer flow continued over the test plate with as little interruption as possible. Movement of the floating plate under the action of wind drag on its horizontal surface was restrained by a torsion suspension to which the plate was connected by a short rigid arm, and the very small twisting of the suspension was measured by observing, with a telescope and scale arrangement, the deflexion of a mirror carried on the suspension. To ensure as close similarity as possible of the texture of the metal drag plate and the sur rounding ground the apparatus was set up on an existing large area of smooth concrete on the Porton range and the first usable measurements were actually taken by C. H. B. Priestley, who had to take over in the final stages on Sheppard's departure for Imperial College. Substitution of the resulting magnitudes of surface drag in the now familiar logarithmic form of wind profile in neutral flow provided estimates of the von Karman constant, which was of specific interest to the Porton team at that time because it also appeared in the Sutton theory, and the only estimates of that constant hitherto available had come especially from pipe-flow studies. The fact that the estimates of 0.44-0.49 now provided were so close to the then accepted laboratory value of 0.4 was taken with some reserve at the time, partly because the flow conditions were actually unstable, and partly because there was some doubt whether, on grounds of , the small drag plate could be expected to represent the drag of the surrounding surface in conditions other than neutral. In retrospect there seems no compelling reason for a scale effect of the type envisaged and there is no doubt, to the extent that the drag plate surface texture was representative, that Sheppard had made entirely realistic measurements of surface drag and had taken the first step in confirming the magnitude of von Karman's constant in the context of atmos pheric boundary layer flow. Since then his eminently successful experimental design has been adapted and modified by others to provide crucial measurements of aerodynamic drag over grassland and over ground carrying low crops-, . . . , With the advent of war and his immediate involvement in the training ot wartime meteorologists and later in various operational aspects of meteorology (e.g. in the organization of area smoke screens over vital areas) continuation of the foregoing lines of research in his new academic post had to be postponed. Consequently it was not until 1950, on the occasion of the Centenary Meeting of the Royal Meteorological Society, that we find any public reporting of renewed research activity. By then, in conjunction with various research students and colleagues, notably H. Charnock and J. R. D. Francis, he had initiated several projects, including measurements of low level wind and temperature profiles over Lough Neagh in N. Ireland (which was to be a continuing and developing study over two decades with special interest in the drag coefficient and its dependence on wind speed) and of the rapid turbulent fluctuations of temperature and wind speed. The latter activity was extended to fluctuations of humidity in a development with M. K. Elnesr, in which the output of fine-wire thermocouples operated as wet and dry bulbs was fed into an electrical analogue circuit to give the humidity mixing ratio directly. From his early Porton experiences Sheppard had always strongly advocated the need for appropriate fluctuation measurements and for their use in evaluating eddy fluxes directly. His reports on these aspects in 1951 to the first of a series of major international symposia on atmospheric turbulence are particularly revealing of his concern with the relevance of large-scale contributions to fluctuations and eddy flux, both in the physical sense and in the special con ceptual problems that were being encountered in the analyses of non-stationary time-series.
The wind profile observations over Lough Neagh were used with the con ventional logarithmic form of wind profile to calculate the surface drag (r), thence the drag coefficient C© ( -w*/wiom> = p being air density), yielding values that were inconclusive on the variation of this property with wind speed, whereas wind tunnel measurements by Francis had indicated an approximately linear increase. This issue was pursued further in a joint study in Australia in 1955 with his former Porton colleague E. L. Deacon, and with E. K. Webb, both then of the C.S.I.R.O. Division of Meteorological Physics headed by C. H. B. Priestley. Here the wind profile measurements were made in Port Phillip Bay, and in Bass Strait a few miles out from Port Phillip heads, with a vertical array of Sheppard-type anemometers mounted on the jib boom and foremast of a 70 ft Fishery Research vessel. To maintain steerage the ship had to be steamed slowly into wind, and the wind speeds relative to the sea surface were obtained by subtracting the ship speed as obtained by timing the passage of simple floats (orange peel!). Much care was taken to evaluate the disturbance of the wind field by the ship's hull and the errors arising from rolling and heaving. The derived drag coefficients, referred as usual to the wind speed at 10 m, provided a tentative indication of a fairly gradual increase with wind speed over the range 4-12 m/s. In general, there has been conflicting evidence and interpretation as regards the existence and precise form of this variation of drag coefficient, and it is noteworthy that more recent work led by Sheppard (with D. T. Tribble and J. R. Garratt) , to which we now turn, has confirmed the existence of a significant increase over the water of Lough Neagh.
The latest Lough Neagh work to be reported (1972) used a complete observa tional system that in the words of the paper was 'the culmination of a develop ment extending over several years'. In its later stages the work owed much to Sheppard's collaborators but it is fair to say that it does represent a considerable fulfilment of his long-cherished aim of providing definitive profile flux properties over a large body of water and it certainly carries the stamp of his meticulous care in the design and instrumenting of boundary layer observations, which are especially difficult over water, and of his capacity for rigorous and imaginative interpretation of the data obtained. The observations were made in westerly winds, for which there was a water fetch of at least 8 km to the site of the instruments just off the eastern shore. Anemometers of Sheppard type with high speed electromechanical counters and dry-bulb and wet-bulb thermocouple elements mounted in naturally ventilated radiation shields were used for the mean profiles. There were also measurements of the fluctuations of the longi tudinal wind component, the wind inclination and the temperature, which have been the subject of much subsequent analysis and discussion by Garratt. In respect of Sheppard's long-standing interest in the behaviour of the drag coefficient it is specially noteworthy that these latest Lough Neagh observations gave an ensemble of over 200 logarithmic profiles which on substitution in the conventional relation led to CD values displaying a significant increase with increase of wind speed, representable approximately in the simple empirical form 103Cd = 0.36 + 0.10wlo, 3 m/s<w10< 16 m/s.
One strange feature, pointed out in the paper, for which no explanation could be found in terms of conceivable systematic errors in the measurements, is that the values of CD for wind speeds less than 5 m/s are actually less than would be expected from the law for an aerodynamically smooth surface. Interestingly, a point which is not made in the paper, as far as can be judged by eye from the published graphs, the latest Lough Neagh values do not differ systematically from the Australian data obtained from the ship-based wind profiles over the wind speed range 4-7 m/s, though they do fall somewhat lower at higher wind speeds. Also, in considering the extent of generalization provided by the Lough Neagh data on the behaviour of the Monin-Obukhov wind profile function, it is worth emphasizing that these data are for roughness length (s-0) values several orders of magnitude less than those representative of land observations. Finally, in Sheppard's discussion of the drag coefficient issue, he is careful to point out that in the overall context of behaviour over the ocean the evidence assembled from all studies still remains inconclusive, so the most he was prepared to conclude in the end was that uncertainties about the behaviour of CD are being narrowed and that in the meantime his result above represented a simple working 548 relation with some validity. This work marked considerable progress in our knowledge of a basic parameter in air-sea interaction problems.
In this section on turbulent transfer near the surface it is appropriate to refer back to an excursion into the theory of turbulent transfer considered by Sheppard in his 1958 Presidential Address to the Royal Meteorological Society. Here he was concerned with adapting the relations for momentum transfer so as to derive an expression for the surface flux of some other property (such as water vapour) in terms of the difference between the concentrations of that property at the surface and at some reference height. The simplest step was to retain the classical Reynolds analogy in which the eddy diffusivity for the property was taken to be the same as for momentum. Experience had confirmed that such an assumption was essentially correct in neutral conditions when applied not too close to the surface, but the assumption disregards a crucial difference in the mechanism of transfer at a rough surface, by molecular diffusion in the case of a property such as water vapour but by pressure forces in the case of momentum. There had been conflicting views about the inclusion of a molecular diffusion term in the total diffusivity, a procedure then advocated by Sheppard for water vapour with useful results. His insistence on a physically realistic interpretation of the essential difference in the surface transfer of momentum and passive properties has been progressively supported by other workers in subsequent work on the deposition of vapours and gases.
W i n d s t r e s s o v e r t h e sea a n d m o m e n t u m t r a n s f e r t h r o u g h t h e w h o l e DEPTH OF THE BOUNDARY LAYER
The inconclusiveness of the early work at Lough Neagh turned the interest of Sheppard and his colleagues to estimating the surface wind stress by the so-called ageostrophic method. Elegant in principle, the method had been first used by L. F. Richardson in 1920 and by one of the present authors (R. C. S.) in 1936 but had never been fully exploited to estimate the wind drag over the sea where few suitable wind observations had been made and where special difficulties arise. It was, then, with the enthusiastic support of his colleagues H. Charnock and J. R. D. Francis that Sheppard planned and in January 1951 carried out a special series of observations over the sea from a base in the Isles of Scilly obtaining by triple theodolites about 100 useful profiles up to some 600 m height. The immediate outcome was, however, to emphasize the compli cations inherent in the method rather than to obtain values of surface drag. Over the land it is possible by selection of occasions to obtain wind profiles which clearly indicate the boundary layer within which the wind changes quickly with height to attain a comparatively constant wind above. The vertical integral of the ageostrophic wind through the layer, on which the evaluation of drag depends, is then reasonably well defined. With the observations from the Scilly Isles expedition, however, there was a superposed general increase of wind with height (the so-called thermal wind), comparable in magnitude to the effect of drag so that no useful estimate of the drag could be made. Not only was the boundary layer difficult to discern but it was realized that in some cases there was no definite upper limit to the layer over which significant turbulent transfer of momentum might extend in the troposphere. These difficulties led Sheppard and his collaborators to look for situations where the general change of wind component with height in the troposphere would oppose the wind near the surface and impose a level of maximum wind at which, plausibly, the stress would be zero. Such is typically the condition in the Trade Winds and the feasibility of obtaining an estimate of surface stress was confirmed in an analysis (with M. H. Omar, 1952) of routine winds from three small Pacific islands. In pursuit of these ideas an expedition was planned to make special observations in the Trade Wind Zone and was carried out by Sheppard and collaborators in the spring of 1953. Anegada, in the Virgin Islands, a coral island some 12 km by 3 km with maximum elevation about 10 m above sea level, was chosen. It was small enough and low enough to impose minimum disturbance on the oceanic airflow and yet adequate for the use of intervisible theodolites with sufficiently long baselines. The team spent about a month making a series of nearly 500 balloon soundings and also operating a network of pressure measurements on neigh bouring islands with other ancillary observations. A full report with discussion was published in the extensive article in the Philosophical Transactions. The period mean winds yielded impressively smooth profiles of the wind components along and normal to the surface wind, the former having a well defined maximum just above 300 m, the latter increasing up to about 900 m and thereafter remain ing almost constant. It was still necessary to make various assumptions on the geostrophic wind and its variation with height but reasonably definitive estimates of the surface stress were obtained. For the period mean surface (10 m) wind of just over 5 m/s the drag coefficient was 1.2 x 10-3, encouragingly consistent with the value of about 0.9 x 10-3 for such a wind speed from both the latest Lough Neagh series and the open sea measurements near Australia.
T h e r e s e a r c h i n r e t r o s p e c t
The highlights of Sheppard's research achievements were the special observa tions which he designed and carried out, so demonstrating among meteoro logists an unusual, even a unique, ability. Beginning early with the Polar Year observations we follow with the improved boundary layer profile observations at Porton, including the original design of the Sheppard cup anemometer, his quite novel drag plate construction giving a direct measure of the drag force of the wind on the ground, his profile measurements over Lough Neagh and his several expeditions to study the boundary layer over the sea as in Australian waters, and, for the whole planetary boundary layer, near the Scilly Isles and in the Trades at Anegada. In each of these undertakings (described in earlier paragraphs) his work was recognized at the time as a significant step forward. It was a time when a growing number of workers were attacking the problems of the Earth's boundary layer, over land and sea, and important theoretical advances were made, particularly in America, Russia and Australia as well as in Britain. On that international scene with the controversy and cooperation which were very much a feature of this subject, Sheppard was a prominent personality and if not himself an originator of mathematical theory his surveys were masterly and his opinion always solicited. And it was not only in boundary layer studies that he had standing. From 1950 onwards his writings show a growing interest in the global circulation of the Earth's atmosphere and the theory of climate which came to be regarded as his second speciality. The problem of global westerly momentum balance attracted his attention and when later in the fifties and sixties international effort was directed to the mathematical modelling of the general circulation Sheppard took a deep interest and had an influential voice. He was particularly proud of the part he played in the launching early in the seventies of a British inter-university group supported by grants from the Natural Environment Research Council which his advocacy was instrumental in securing. The group, with a permanent nucleus of staff and facilities (within the Department of Meteorology of Reading University), brought together research workers from five British universities and other collaborators who in a few years were to make some notable innovations in mathematical modelling of the large scale motions. Sheppard's personal contribution especially in the modelling of the boundary layer and turbulence generally should not be overlooked.
Biographical Memoirs
T h e w h o l e m a n Although Sheppard's vocational interests were all-absorbing and engaged the whole of his creative energies there was nothing pretentious in his stating, in a standard reference work, that his hobby was 'life', for he relaxed with a wide range of interests and made many friends. At some time early in his adult life he had shed the Methodism which meant so much to his parents, and religious rites or dogma found no place in his later philosophy. His wife went along with him in this as in most other respects to the extent that by their choice no cere mony marked their deaths. But he was certainly a man of conscious faith, a faith in the worthwhileness of human life, with an appreciation of man's achievements: a humanist in that sense. He took a simple pleasure in the world around him and became knowledgeable as bird-watcher and botanist, delighting always in the countryside, a splendid companion for a country walk. But he was always fundamentally an intellectual and if he gave to rigorous scientific discovery the pride of place other achievements of imagination and skill were not put far behind: architecture, painting and music came in for much admiration, close study and-characteristically-sweeping judgements. He might have been called opinionated were it not that a lively rejoinder would always bring laughter, his own special hearty variety, to show that this was only his relaxation. As chairman of the Jordans Music Club, a local society near his home but one of wider repute, his love of music was no secret but it is less well known that as early as 1935 he published an article on 'Standards of criticism in art'. A state ment in his later years that no year was complete without a visit to Italy was evidence of an affinity long maintained, but if his interests were naturally intellectual there was room for sentiment too. One recalls on an occasion after his retirement when both he and his wife were unwell his remarking 'but we have our friends and in the last analysis nothing matters but friendship'. Perhaps it was his own version of 'God is love' and as much part of his philo sophy as his worship of hard core science. Both he and his wife were splendid companions, provocative and argumentative yet appreciative of quality of all kinds, not least of good food with a good bottle. Whether in this country or abroad, for an evening out or a longer holiday together, their company was a delight. With Phyllis deeply interested in people and always ready to support her husband, entertainment at their home near Beaconsfield was enjoyed by many of his colleagues, often from abroad, but their circle of friendship was notably wider than his profession and with much sharing of leisure interests their married life was eminently successful. They had been married on 28 October 1933 in Bath, Somerset. She was Phyllis Blanche, daughter of William Henry Foster (a local preacher and Bath City Councillor) and his wife Blanche ( Morrish) both of Paignton, Devon. Their two successful sons were a source of much satisfaction. The elder, Roger, born in 1936, went through agricultural college and flourished in business, something his father never rightly under stood, whereas Simon, two years the younger, after graduating in geology in Cambridge, continued on the academic path, and his father lived to see him a petrologist and isotope geophysicist established in the university world. After a life so successful and so zestful their last years can only be described as tragic. With Peter already in poor health Phyllis suffered a serious stroke in May 1973. From then on, in spite of some hard-won improvement permitting even a little conviviality, life was a continuous struggle until she died in March 1976. Peter lived for less than two more years becoming very frail but keeping up with his committees, his interests and his friends to the end.
The writing of this memoir has been assisted by notes left by Professor Sheppard with the Royal Society and by opinions and recollections from his sister Gladys and his two sons. Several professional colleagues have also assisted with advice and the bibliography was kindly provided by the National Meterological Library.
The photograph reproduced was taken by E. G. Jennings in 1973. 
